PB2000-103325

(AR

POLYPROPYLENE
FIBER-REINFORCED
MICROSILICA CONCRETE
BRIDGE DECK OVERLAY
AT LINK RIVER BRIDGE

Final Report

Experimental Features Project 98-01

by

Eric W. Brooks, E.IT.
Research Specialist
Oregon Department of Transportation

for

Oregon Department of Transportation
Research Group
Salem, Oregon 97301-5192

and

Federal Highway Administration
Washington, D.C. 20590

REPRODUCED BY: NTIS.

U.S. Department of Commerce
National Technical Information Servi
Springfield, Virginia 22161

February 2000






1. Report No.

OR-EF-00-11

2. Government Accession No.

3. Recipient’s Catalog No.

4, Title and Subtitle

Polypropylene Fiber Reinforced Microsilica Concrete
Bridge Deck Overlay at Link River Bridge

Final Report

5. Report Date

February 2000

6. Performing Organization Code

7. Author(s)

' Eric W. Brooks, E.I.T.

8. Performing Organization Report No.

9. Performing Organization Name and Address

Oregon Department of Transportation
Research Group

200 Hawthorne SE, Suite B-240
Salem, Oregon 97301-5192

10. Work Unit No. (TRAIS)

11. Contract or Grant No.

12. Sponsoring Agency Name and Address

Oregon Dept. of Transportation
Research Group

200 Hawthorne SE, Suite B-240
Salem, Oregon 97301-5192

and

Federal Highway Administration
Washington, D.C. 20590

13. Type of Report and Period Covered

Final Report

14. Sponsoring Agency Code

15. Supplementary Notes

16. Abstract

In 1997 ODOT overlaid the Link River Bridge with microsilica concrete, reinforced with polypropylene fibers
(FMC). The manufacturer claimed the fibers would reduce plastic shrinkage cracks and settlement cracking during
the early life of the concrete, as well as reduce the formation of intrinsic cracking. The northbound lane was
constructed with the FMC while the southbound lanes were constructed with plain microsilica concrete. Neither
side showed much initial cracking when the curing blankets were removed. The latest inspection two years after
construction found only minor cracking in the northbound lane and very little in the southbound lanes.

17. Key Words

microsilica concrete, bridge deck overlay, polypropylene fibers

[8. Distribution Statement

Auvailable through the ODOT Research Group

19. Security Classification (of this report)

Unclassified

20. Security Classification (of this page)

Unclassified

21. No. of Pages 22. Price

24

Technical Report Form DOT F 1700.7 (8-72)

Reproduction ot completed page authorized




(dal p6-7-+) JUSUIDINSTSN JO WIASAS [RUONEWIAU] ) 10) [OGIAS ) SI | 4
onnuu._. 08 08 oﬂn 14 0 0z- on“.. ol SHNLDQ wo]
Tp_ R B ,_ i ﬁ, e v Do aamexadwa) snisjo) 6/(Te-A)S Hoyuatye do
NFNocN 08l 1143 586 -] ovwm 0 onw.. aﬂvn@v \rﬂNmDrﬁ.<M~m~mEmrﬁ
Ho * Hayuayeq e+ 81 dImeiadwdy SnIsRD) Do 3N swergegaw £06°0 (91 0007) suo3 Woys L
(39eXR) HANLVIAIINAL 3 SWeI3o[1y 124" , spunod q
L (41 0007) suo1 1oys 201°1 swergesaw SN 8 swiels S8 SDdUNQ z0o
ql spunod 07T SweIgony 8y SSVIA
70 saouno S£00 swield g "W Ul umoys 2q [[eys 7 000 uey 1ajeals sswnoA :JLON
SSVIN S pagno s1dow SOL 0 spJaeA o1qnd %»
PA spieA 21qno 80¢'1 Pagno s1oja Ju M pPagnd sxreW 8700 199§ 21qNd M
M 399j o1qnd SIESE pagno s1ojow [ 1 SI| C8L'E suof[en) es
[e3 suo[[es 90 Sk 1 T I LS6T §aduno pinjy 0y
20} SadUno pinyy 7¢0°0 ST T TANTOA
ANQTOA A0 paienbs s1919W0 1} 65T S9[Iw d1enbs Ju
L S9[IW a1enbs 98¢0 paienbs sIdlWOY uny ey SaIe100Y SO0 S0y oe
Je $a108 LT $918109Y 41| A paienbs s1ojow 9¢8°0 spieA arenbs PR
M 193} arenbs ¥9L°01 paienbs s1ajow - all paaenbs sidjow £60°0 199} 21enbs N
Ju sayoul arenbs 91000 patenbs sialow[Iu Luw JUW - parenbs sojowiw TSH9 sayoul arenbs -ur
viaav vaav
w sapw 129°0 SIIWO[IY wy uny SIOIAWO[Y 19°1 SN 1w
pA spiek 60°'1 SI101oW w w RGBT 160 spae & pA
3 199§ 8T'¢ S w w SI910W S0¢°0 1004 gl
ur sayoul 6£0°0 SIajoWI[| U wit wu SIajaWI W 6T sayou] ur
HLONTT HLONAT
[oquIAS pulg 0], Ag Aidnmp MOUD] ROA USYM [OqWAS [OQUIAS puiq oJ, Ag Aldpnpy MOUY NOA UdYA joquikg
SLINN IS WOdAd SNOISHAANOD HLVINIXOdddV S.LINN IS OL SNOISYJANOD ALVINIXOUdddV




ACKNOWLEDGEMENTS

The author would like to thank the following Oregon Department of Transportation (ODOT)
personnel for their contributions: Bruce Patterson, Murray Colwell and Mike Stinson.

DISCLAIMER

This document is disseminated under the sponsorship of the Oregon Department of
Transportation and the United States Department of Transportation in the interest of information
exchange. The State of Oregon and the United States Government assume no liability of its
contents or use thereof. '

The contents of this report reflect the views of the author, who is responsible for the facts and
accuracy of the data presented herein. The contents do not necessarily reflect the official policies
of the Oregon Department of Transportation or the United States Department of Transportation.

The State of Oregon and the United States Government do not endorse products of
manufacturers. Trademarks or manufacturers’ names appear herein only because they are
considered essential to the object of this document. This report does not constitute a standard,
specification, or regulation.

PROTECTED UNDER INTERNATIONAL COPYRIGHT

ALL RIGHTS RESERVED
NATIONAL TECHNICAL INFORMATION SERVICE

U.S. DEPARTMENT OF COMMERCE

Reproduced from
best available copy.

il



v



POLYPROPYLENE FIBER-REINFORCED
MICROSILICA CONCRETE
BRIDGE DECK OVERLAY
AT LINK RIVER

TABLE OF CONTENTS

1.0 INTRODUCTION
1.1 STUDY OBJECTIVE ......coomiiiiniirciimmiiossneseeeoiiesseseesmssesessesnasesses s oo
2.0 PROJECT DESCRIPTION
2.1 PROJECT LOCATION AND ENVIRONMENT ..........ccoommrrvermmimiennemmmirncremmiseeresenesseenes
3.0 CONSTRUCTION

4.0 EVALUATIONS
4.1 POST CONSTRUCTION INSPECTION ....cccoiiiiiiiiiiiienieetereeteneeie et
5.0 CONCLUSIONS

APPENDIX: LINK RIVER BRIDGE PLAN VIEW

LIST OF PHOTOS/FIGURES

Figure 2.1: Project vicinity map

Figure 2.2: Project location map .

Figure 4.1: Typical cracking in northbound lane two years after construction

Figure 4.2: No large cracks were found in the southbound lane

L X bW

LIST OF TABLES

Table 3.1. Average Weather Conditions for Deck Pours

n

Table 4.1 Cracking Noted after Curing




Vi



1.0  INTRODUCTION

The Oregon Department of Transportation (ODOT) began using microsilica concrete for bridge
deck overlays in 1989. Since then, over 50 bridge decks have been overlaid with microsilica
concrete. Many of these overlays developed cracks after placement. In 1997 ODOT overlaid the
Link River Bridge with microsilica concrete, reinforced with polypropylene fibers (FMC). The
manufacturer claimed the fibers would reduce plastic shrinkage cracks and settlement cracking
during the early life of the concrete, as well as reduce the formation of intrinsic cracking. This
report documents the construction and two-year evaluation of the bridge deck.

Research has been done in Oregon on the evaluation of premature cracking and delamination on
latex and microsilica bridge decks. The “Latex and Microsilica Modified Concrete Bridge Deck
Overlays in Oregon, Interim Report” (Lundy 1995) described the results of seven microsilica
overlay inspections one year after construction. Very fine cracking was found on all bridges in a
random pattern. The cracks occurred principally during the first few weeks after placement. In
addition, other states have reported cracking on all their deck overlays. Early cracking was
related to plastic and drying shrinkage. These cracks can propagate through the overlay and
permit contaminated water to reach the deck. Control of this cracking is needed.

1.1 STUDY OBJECTIVE

The objective of this project was to investigate the use of polypropylene fibers in microsilica
concrete to reduce early cracking and inhibit later crack growth. The fibers used were
manufactured by the Fibermesh Company of Chattanooga, Tennessee. Steel fibers had been used
on a few overlays in Oregon but the polypropylene fibers had not. Other states had used these
fibers, but no reports were available on their performance at the time of this study.






2.0 PROJECT DESCRIPTION

2.1 PROJECT LOCATION AND ENVIRONMENT

The fiber reinforced microsilica concrete (FMC) overlay was placed on the Link River Bridge,
located on U.S. 97 near Klamath Falls, Oregon (Bridge #8347, on Hwy. 4 at milepost 275.03).
Figures 2.1 and 2.2 show the vicinity and location. The bridge includes seventeen spans. The
total length is 359 m and the width is about 9 m. The bridge has spans of both reinforced
concrete deck girders and steel deck girders. A plan view of the bridge is included in the
Appendix.

The site elevation of 1,251 m can produce some harsh winters with ice, snow and temperatures of
-15 °C. Summers are typically hot and dry. Both seasonal conditions cause wear on bridge
decks. In winter, tire chains and studded tires on cars cause extensive bridge deck wear. Summer
heat causes expansion joints to buit against each other and place extra stresses in the deck
surface.

©.5.8%

Figure 2.1: Project vicinity map
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Figure 2.2: Project location map



3.0 CONSTRUCTION

The Link River Bridge deck rehabilitation was part of a larger project, which involved work on
other structures. Because the bridge was to remain open for traffic, stage construction was used.
Traffic was regulated to one lane by means of a traffic signal. The lane adjacent to the pour
carried all the traffic.

The northbound lane with the fibers was completed first. The work was done in two pours: June
18 and 20, 1997. The southbound lane was done about a month later. This work was done in
five pours: July 29, August 1, August 6, August 8, and August 15, 1997.

All work was done at night or early morning to minimize evaporation effects on the initial cure
of the deck. Table 3.1 includes the details of the weather conditions during construction. For the
northbound lane construction, the fibers were added to the mix at the concrete batch plant and
were completely mixed upon arrival at the site. The project inspector noted that the fibers made
the concrete easier to place and finish. The fibers in the mix increased the stiffness. Because of
this stiffness, the mix was easier to handle on the superelevation of the deck and especially on the
southbound off-ramp.

Table 3.1: Average Weather Conditions for Deck Pours

Date Start Time | Air Temperature, Relative Wind speed, Evaporationz,
(1997) . °C Humidity, % km/hr kg/m*/hr
Northbound | June 18 4:15 am 12.8 68 0 0.12
Lane June 20 | 3:20 am 56 87 0 0.07
July 29 3:10 am 16.7 72 1 0:15
Aug | 4:50 am 11.1 96 0 0.05
Southbound |\ 06 | 5.0 am 16.7 85 0 0.05
Lane
Aug 8 4:30 am 17.2 69 3 0.27
Aug 15 3:40 am 12.8 71 0 0.08

' The lowest temperature during this pour was 3 °C.
* The specification limit is 0.73 kg/m?/hr.






4.0 EVALUATIONS

The project inspector observed the deck condition when the curing blankets were removed. Both
the northbound and southbound lanes had about the same amount of micro cracking. Table 4.1
shows the types of cracking found after the cure blankets were removed.

Table 4.1: Cracking Noted after Curing

Span Northbound Lane Southbound Lane
1 0.61 m long, north end
2 0.61 mlong, 9.1 m from north end
3 No cracks
4 No cracks
5 No cracks
6 No cracks
7 Hairline 6.1 m long, 3.1 m from gutter
8
9 Hairline
10 Hairline
11 No cracks
12 No cracks
13 Under traffic
14 No cracks
15 No cracks -
16 No cracks
17 Hairline Cracks south end to first joint

The record is incomplete because some of the curing blankets had not been removed at the time
of the inspection. The inspector’s best recollection is that the northbound and southbound lanes

had about the same amount of initial cracking.

41 POST CONSTRUCTION INSPECTION

The deck was inspected about two years after the deck pour. Cracking was found in both lanes,
with the majority in the northbound lanes constructed with the FMC. Figure 4.1 shows the
typical cracking found in the northbound lane, while figure 4.2 shows the typical crack-free
southbound lane.
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Figure 4.2: No large cracks were found in the southbound lane.



5.0 CONCLUSIONS

Cracking resistance was found to be no better in the northbound lane with fibers, compared to the
southbound lane without fibers. Cracking was also observed in both lanes two years after
construction. Thus the vendor’s claim of reducing cracking on both the short term and long term
was not supported.

Placement during optimal weather conditions (no wind, cool temperatures, and fairly high
humidity) — resulting in low evaporation rates — is probably the most significant factor in keeping
the amount of cracking low. In addition, curing blankets were placed promptly after tining. It is
not clear from this project whether fibers can make up for poor placement and curing conditions,
but it is clear that they are not needed if placement and curing is done well.
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APPENDIX: LINK RIVER BRIDGE PLAN VIEW
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